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ABSTRACT 
Title of Thesis: Novel Compounds (Including Transition-Metal 
Complexes) Based on 1,10-Phenanthroline-5,6-dione. 
Name: Hui Zhou 
Thesis directed by: Dr. Mark E. McGuire 
This thesis describes the synthesis of the transition 
metal complex [ (bpy) ps11 (pptd)] (PF6 ) 2 ·2Hp, an analog of 
[ (bpy) 2Ru11 (pptd)] (PF6 ) 2 ·Hp. Spectroscopic and electrochemical 
data on this complex are reported here. It was found that the 
electronic communication between the metal center and the 
pteridinedione portion of pptd did not appear to be enhanced 
in the Os(II) complex relative to its Ru(II) analog. The 
increased ability of Os(II) to undergo backbonding appeared to 
affect only the 1,10-phenanthroline portion of pptd. 
A useful starting material cis-Ru11 (pptd) 2c12 ·2Hp was 
synthesized and studied. This complex had a MLCT band that was 
blue shifted by 18 run relative to the bpy analog. It was also 
found that this complex was harder to oxidize than the bpy 
analog. 
A third project, the synthesis of a new ligand, "phanq" 
(by condensation of l, 10-phenanthroline-5, 6-dione 
diaminoanthraquinone) is described in an Appendix. 
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Chapter 1 
Introduction 
The synthesis and characterization of the ligand 
pteridino [6,7-f] [1,10]- phenanthroline-ll,13{10H,12H)-
dione,10,12-dimethyl-a{pptd), and three ruthenium {II) 
polypyridyl derivatives I [ {bpy) 3-nRu11 {pptd) n] {PF6) 2·nH20, where 
n = 1 to 3 and bpy = 2,2'-bipyridine, have recently been 
reported. 1 Pptd, shown in Figure 1-1, is a flavin2 analog and 
is capable of proton-coupled electron transfer reactions 
presumably involving the pyrazine nitrogens. 
Figure 1-1 pptd 
a Chemical Abstracts Index Name 
1 
As a ligand, pptd possesses a site for metal 
coordination through the 1,10-phenanthroline linkage while 
retaining the ability to be reduced by two H-atoms. The 
reason Ru(II) was chosen as the metal center was that it has 
been found that Ru(II) polypyridine complexes, most notably 
[Ru (bpy) 3 ] 2+ and it's deri vati ves 3 , have the following 
advantages: 
(1) The bidentate bipyridine-type linkages form complexes 
that are stable. 
(2) Hundreds of Ru(II)-polypyridine complexes have been 
synthesized, 3 and the oxidation potentials of 
these complexes vary greatly due to the differences 
in ligand substituents. 
(3) The Ru(II)-polypyridine complexes are easily reduced 
and oxidized at electrode surfaces, making them good 
candidates to be electrochemical mediators. 
(4) The complexes are strong light absorbers, so there 
are many spectroscopic features which allow for 
straightforward characterization of the complexes. 
(5) Ru(II)-polypyridine complexes are generally fairly 
water soluble. 
(6) These complexes possess a variety of excited state 
electron and energy transfer properties. 
2 
An interesting observation about [ (bpy) 3 _0 RuII (pptd) J 
(PF6 ) ·nH20 complexes was that there appeared to be little 
electronic communication between the metal center and the 
pteridinedione portion of pptd. In fact, [ (bpy) 2Rurr (pptd) ] 2+ 
appeared to act as two "electronically independent" units: a 
[Ru (bpy) 2phen] 2+-like chromophore (phen = 1, 10-phenanthroline) 
and a pteridinedione electron acceptor. Evidence for this 
came from both UV-Vis and electrochemical data1. The metal-
to-ligand charge transfer (MLCT) transition for 
[ (bpy) 2RuII (pptd)] 2+ in CH3CN (Amax= 449 nm) was identical to 
that reported4 for [ (bpy) 2Rurr (phen) ] 2+ in the same sol vent 
(A = 449 nm) . It was expected that the MLCT band for 
max 
[ (bpy) 2RuII (pptd)] 2+ would be considerably red-shifted compared 
to that for [ (bpy) 2RuII (phen)] 2+. The expected energy of the 
MLCT band can be estimated by using Eq. 1-1. 
EMLCT= I Eox (Ru) - Ered (pptd or phen) I Eq. 1-1. 
h 1 [ b h ] 2+ III/II Fort e comp ex ( py) 2Ru(p en) , E112 (Ru ) = 1.47 V and 
E112 (phen/phen-·) = -1. 29 V in CH3CN4 • Thus the energy of the 
MLCT band for this complex in acetonitrile should be about 
2.76 V (449 nm). This predicted value is identical to the 
measured value. However, for the complex [ (bpy) 2Ru (pptd) ] 2+, 
3 
Eq. 1-1 predicts the correct Amax(MLCT) only if it is assumed 
that the phenanthroline orbitals (or orbitals centered in 
the phenanthroline portion of pptd) are initially reduced in 
the excited state. For example, using E112 values reported in 
ref. l, an MLCT band of energy 2.17 V (572 nm) is predicted 
if the MLCT transition involved reduction of the 
pteridinedione portion of pptd. On the other hand, assuming 
that a phenanthroline type orbital is reduced in the MLCT 
process, Eq. 1-1 yields a value of 449 run. 
These observations suggest that the ligand orbitals 
involved in the MLCT transition (1,10-phenanthroline 
orbitals) are not strongly coupled to the orbitals involved 
in the electrochemical reduction (pteridinedione orbitals). 
A similar observation was found by Ackermann et al 5 and later 
by Amouyal et al 6 for Ru(II) complexes of dipyrido[3,2-
a:2' ,3 '-c]phenazine (dppz), (see Figure 1-2). Kaim et al7 
also reported similar results in their study of the 
electronic structure of [ (bpy) 2Rurr (dppz)] 2•• using cyclic 
voltarometry, UV/Vis and EPR/ENDOR. 
Much of the work on polypyridine complexes has 
involved ruthenium. Extension of the ruthenium chemistry to 
4 
Figure 1-2. dppz 
that of the analogous complexes of osmium has been reported 
in the literature. 8 Because of the lanthanide contraction, 
metal-ligand bond lengths for the Os(II) complexes are very 
similar to their Ru(II) counterparts. Thus, differences in 
steric effects and solvation energies are minimized. 
However, there are some differences between ruthenium 
complexes and osmium complexes: 
(1) a larger value of lODq for Os, which leads to 
higher energies for d-d excited states. 
(2) a lower third ionization energy for Os, which leads 
to lower oxidation potentials for complexes of Os(II) 
and consequent stabilization of higher oxidation 
states. 
(3) greater extension of the metal d orbitals for Os, 
which can enhance metal-ligand backbonding. 
5 
(4) a larger value of ~' the spin-orbit coupling constant, 
for Os, which causes extensive mixing of excited 
states of different spin multiplicities. 
The first project to be described in this thesis 
involves the synthesis and characterization of 
[ (bpy) 20sn (pptd)] (PF6 ) 2 ·2H20. The synthesis of 
[ (bpy) 20sn (pptd)] (PF6 ) 2 ·2H20 is reported, and the spectral and 
electrochemical properties of the Os(II) complex are 
presented and compared to those of the analogous Ru(II) 
complex discussed earlier1 • It was hoped that the increased 
ability of Os (II) to undergo "backbonding" (listed as #3 
above) would enhance the electronic communication between 
the metal center and the pteridinedione portion of pptd. 
A useful starting material for 
bisbipyridylruthenium(II) compounds 9 is the complex c1s-
Ru11 (bpy) 2c1 2 ·2H20. For example, complexes of 
[Ru(bpy) 2 (L)Cl] (PF6 ) (L = tertiary phosphine, arsine, or 
stilbine), [Ru(bpy) 2 (LL)] 2+ (LL= two monodentate or one 
bidentate phosphine or arsine) , 10 [Ru (bpy) 2L-L] 2+ (L-L = l, 8-
naphthyridine, 2-methyl-1,8-naphthyridine, 2,7-dimethyl-1,8-
6 
naphthridine, pyrido[2,3-6]pyrazine, 11 4-methyl-4'-vinyl-
2,2 '-bipyridine, 12 4, 7-diphenyl-l, 10-phenanthroline13 ), 
[(bpy) 2Ru{bpy(COOC18H37 ) 2 }] 2+, 14 [{(bpy) 2Ru(BL)} 20sC1 2 ] 4+ (BL= 2,3-
bis(2-pyridyl)pyrazine, 2,3-bis(2-pyridyl)quinoxaline and 
2, 3-bis (2-pyridyl) benzoquinoxaline), 15 and [Ru (bpy) 2 (bpy-
AQ)] 2+ (bpy-AQ = N-((4'-methyl-2,2'-bipyridyl)-4-methyl)-9,10-
anthraquinone-2-carboxamide), 16 were all obtained by 
treating cis-RuII (bpy) 2c12 ·2H20 with the appropriate ligand ( s) . 
The second project described in this thesis involves 
the synthesis and characterization of cis-RuII (pptd) 2c1 2 ·2H20. 
This complex, like its "bpy" analog, might provide a 
starting point for the synthesis of some useful compounds. 
For example, using cis-RuII (pptd) 2c1 2 ·2H20, a bimetallic RuII 
II II d 4+ 1 b complex [(pptd) 2Ru -bpym-Ru (ppt )] cou d e constructed. 
Here, bpym represents 2,2'-bipyrimidine, a well known 
bridging ligand containing two bidentate linkages. Such a 
complex could contain four pptd ligands. If each pptd ligand 
were reduced in aqueous solution, this bimetallic complex 
could become a potent H-atom donor (8 H-atoms). Construction 
of large multimetallic systems (such as the polypyridine 
cluster containing ten Ru(II) centers, investigated by 
Balzani 17 ) might then be possible. Such complexes, when 
7 
reduced in aqueous solution, might be useful as powerful H-
atom donors (up to 20 H-atoms/cluster) . 
Another more immediate application for cis-
Ru11 (pptd) 2c12 ·2H20 could be in the synthesis of 
[ (bpy) Ru11 (pptd) 2 ] (PF 6 ) 2 ·2H20. This complex, previously prepared 
in reference l, was found to be slightly contaminated when 
the starting material was Ru111 (bpy) Cl3 (H20) . The source of 
contamination appeared to be Ru111 (bpy) Cl3 (H20) , an ill-defined 
starting material. Using cis-Ruu (pptd) 2Cl 2 "2H20 as the 
starting material might provide a more convenient pathway to 
pure [ (bpy) Ru11 (pptd) J (PF6 ) 2 ·2H20. 
A third project will be described where an attempt was 
made to take advantage of the lack of electronic 
communication (in the ground state) between the two parts of 
ligands like pptd and dppz. In this final project, 1,10-
phenanthroline-5,6-dione (phendione) was condensed with 1,2-
diaminoanthraquinone in an attempt to synthesize a new 
ligand ( "phanq") . (see Figure 1-3) . In this new ligand, a 
1,10-phenanthroline would be fused to an anthraquinone 
through a pyrazine-type linkage. Such a system might provide 
a suitable model for long-range electron transfer processes 
in photosynthesis. As stated earlier, the pyrazine ring in 
8 
ligands like phanq (such as pptd and dppz} acts somewhat 
like an insulating bridge. Therefore, it was thought that it 
might be possible to use phanq to construct a complex where 
long-distance electron transfer quenching of a metal-to-
ligand charge transfer (MLCT} excited state could be pH-
,...~. 
11 \ 
"·' A. ,...N ........ ~ I \j.........,...y ..........,. ....._ y . --"=! 
I I\ _) ~I 0 
. ~~"°'N~-~ + --~ N Ii . ' 
t_ ~ ~~ ~ 0 I 
~ 
phendione 1,2-diaminoanthraquinone phanq 
Figure 1-3. 
controlled. An example of such a complex might be 
[ (bpy} 2RuII (phanq}] 2·, where one could observe long-distance, 
pH-dependent electron transfer from the Ru(II} to the 
quinone portion of phanq. Fig. 1-4 illustrates the process: 
hv 
----> 
9 
h . ~ KET quenc ing 11 / 
,,..,..i.J,y~N~ 
-------> L2Ruill 1 l1 : 1 
't-J~r-i~~--v0 I . pH-dependant l 11 ! , 
~/ '""~ 
<l>v ; Ii 
Ii 
~/ 
Figure 1-4 
A similar system (intramolecular electron transfer 
quenching following metal-to-ligand charge transfer (MLCT) 
excitation of complexes of Ru11 containing the ligand N- ( ( 4' -
methyl-2,2'-bipyridyl)-4-methyl)-9,10-anthraquinone-2-
carboxaamide (bpy-AQ) ) has been reported by Meyer et al 16 
(see Figure 1-5). 
k -5. 3e6s q 
-1 
III ) ] 2+ [ (bpy) (bpy") Ru (bpy-AQ ---> 
/\ 
hv 
v 
( (bpy) 2RU11 (bpy-AQ)] 2 • 
(scheme I) 
or 
10 
[Rum {bpy) 2 {bpy-AQ)] 20 
[RUIII {bpy) {bpy') {bpy-AQ)) 2• + -> [Rum {bpy) 2 {bpy-AQ') ] 2• 
'ii 
[Rull {bpy) 2 {bpy-AQ)] 2• 
{scheme II) 
Figure 1-5. 
11 
Chapter 2 
Experimental Section 
Methods. UV-Vis data was obtained in spectrophotometric-
grade solvents using either a Shimadzu UV-3100 UV-Vis-NIR or 
a Shimadzu U-160 UV-Vis. FT-IR spectra were taken using a 
Nicolet 20-DXB instrument. NMR data were obtained with a 
General Electric QE 300-MHz FT-NMR spectrometer. 
Electrochemical measurements were carried out using a PAR 
173 potentiostat/galvanostat controlled by a PAR 175 
universal programmer and recorded on a Houston Instruments 
200 XY recorder. Cyclic voltammograms were obtained in a 
single glass cup (-2 mL samples) using a platinum button 
working electrode (Bioanalytical Systems), a platinum wire 
auxiliary electrode, and a saturated sodium chloride calomel 
(SSCE) reference electrode (Bioanalytical Systems) . 
. Elemental analyses were carried out by Atlantic Microlab, 
Inc. Melting points were taken using a MEL-TEMP II device. 
Materials. Trifluoromethanesulfonic acid (triflic acid), 
1,2-diaminoanthraquinone, 1,10-phenanthroline (phen), 
ammonium hexafluorophosphate (NH4PF6 , 99.99%), ruthenium 
trichloride (RuC1 3 "xH20, 3. 8% H20), and lithium chloride 
12 
~LiCl) were purchased from Aldrich Chemical Co. and used as 
1: 
1received. Tetrabutylammonium hexafluorophosphate [ {C4H9 ) 4N] PF6 
'(TBAH) was purchased from Bioanalytical Systems {BAS) and 
used as received. Fuming sulfuric acid {30% SOJ, nitric 
acid, reagent grade acetone, ethanol {95%), and DMF were 
purchased either from Fisher Scientific Company or Eastman 
chemical and used as received. The comlex cis-Osn {bpy) 2Cl2 was 
prepared by a previous student. Water for solutions and 
electrochemical measurements was purified using a Millipore 
Milli-Q system fed by house-deionzed water. Acetonitrile 
used for electrochemical measurements was purchased from 
Aldrich Chemical Co. {HPLC Grade) and stored over activated 
Molecular Sieves {4A) . 
1,10-Phenanthroline-5,6-dione (phendione}. Unlike the 
previously reported synthesis, 1 phendione was prepared 
following a procedure very similar to that reported by 
Amouyal et al. 6 A typical preparation was as follows: 1,10-
phenanthroline {10.0584 g, 5.5799 x 10-2 mol), and 30% oleum 
{55 mL) were added to a 250-mL three-neck flask and heated 
to 110 °C - 115 °C. HN03 {72%, 15 mL) was then added dropwise 
{ 30 drops per minute) from a funnel. The heating mantle was 
removed during this time. The temperature increased rapidly 
13 
when the first portions of HN03 were added. After the final 
addition, the temperature was around 120 QC. The reaction 
mixture was heated to 145 QC and 72% HN03 (29 rnL) was added 
over a period of 30 min (the heating mantle was removed) . At 
the end of the addition the temperature had dropped to 110 
QC. After stirring for 2.5 h without heating, the reaction 
mixture was cooled to room temperature, and poured over 220 
rnL of ice. The color of the mixture changed from light 
yellow to green-yellow. This mixture was neutralized with 
30% NaOH until the pH was about 4-6. The beige precipitate 
was removed by filtration and thoroughly washed with water. 
The yellow filtrate (about 1000 rnL total), containing the 
desired product, was extracted with CH2Cl 2 (800 rnL total) in 
four batches in a 500 rnL separatory funnel. Each batch was 
extracted four times with 50 rnL CH2Cl2 • The CH2Cl 2 layer 
(which was bright yellow after the first extraction) was 
almost colorless after the fourth extraction. The combined 
CH2Cl 2 extracts were left to evaporate in the hood. The solid 
was then vaccum dried for 3 h. The melting point of the 
crude dry phendione was 250 QC - 260 QC (lit. 18 258QC). Yield: 
4.099 g (35% based on 1,10-phenanthroline). 
14 
The crude phendione was purified by recrystallization. 
Methanol (170 mL) was heated in a 500 mL RB flask until it 
was warm but not refluxing. The crude phendione was added 
quickly, and the resulting yellow solution was boiled about 
5 min. Almost all the solid dissolved. The hot solution was 
then filtered through a warm 150 mL M frit, and the yellow 
product (phendione) precipitated immediately from the 
filtrate. This filtrate was cooled slowly on a cork-ring to 
room temperature and then cooled in an ice bath for 30 min. 
The resulting mixture was filtered on a 30 mL F frit and the 
yellow product was washed with cold methanol (15 mL) and 
ether (30 mL), and then vaccum dried for 5 h. Yield of pure 
phendione: 2.1284 g (51.9% based on the crude product, 18.4% 
based on 1,10-phenanthroline). Mpt.: 258°C - 261 °C (lit. 258 
OclB) • 
Pptd Pptd was prepared as previously reported1 by 
condensation of phendione with 5,6-diamino-l,3-
dimethyluracil in dry methanol. 
[ (bpy) 20s:n: {pptd)] {PF1 ) 2 ·2B20. This compound was synthesized 
by using methods analogous to those reported by Sullivan et 
110 2+ 19 a for complexes of the type [Os (N-N) 2 (L) J . Os (bpy) 2Cl2 
(0.0493 g, 0.0861 mmol) and pptd ligand (0.0297 g, 0.0860 
mmol) were heated at reflux for 4 h in 10 mL of ethylene 
15 
glycol. The synthesis was monitored by UV-Vis. Aliquots were 
taken at regular intervals and diluted into CH3CN. New peaks 
appeared at 480 nm, 288 nm and 243 nm. The peak at 558 nm 
(due to Os(bpy) 2ClJ disappeared. The red-black mixture was 
allowed to cool to room temperature. Water (10 mL) was added 
and the resulting mixture (black-green) was filtered. A 
small amount of yellow solid (presumably unreacted pptd) was 
recovered on the frit. Solid NH4 PF6 was added to the black-
greenish filtrate (with stirring) until precipitation of the 
red-brown solid was judged to be complete. The mixture was 
filtered, and the solid obtained was washed with 2 mL of 
water. The black solid was vaccum-dried for 2 h. Yield of 
crude product: 84 mg (86% based on Os(bpy) 2ClJ. 
The dried crude product was dissolved in 6 mL of 
acetone and filtered, and a small amount of gray solid was 
recoverd on the frit. Water (10 mL) was added to the 
filtrate, and the mixture was left in the hood to allow the 
acetone to evaporate. The mixture was then filtered and the 
solid obtained was vacuum-dried for 4 h. Yield of black 
product: 59 mg (60% based on Os(bpy) 2Cl2). Anal. Calcd for 
[ (bpy)20s 11 (pptd)] (PF6)2"2H20: c, 39.52; H, 2.62; N, 12.13. 
Found: C, 38.96; H, 2.78; .N, 11.91. IR (KBr) :Vc=o 1684, 1729 
16 
cm-1. 1H NMR (CD3CN, 300 MHz), ppm (TMS): 3. 53 (s, 3H, 
methyl), 3.88 (s, 3H, methyl), 7.14 (m, 2H), 7.38 (m, 2H), 
7. 56 (m, 2H) , 7. 80 (m, 6H) , 7. 90 (m, 2H) , 8 .15 (m, 2H) , 8. 51 
(m, 4H) , 9. 25 (m, 2H) . 
cis-Ruu (pptd) 2c12 ·2H20. This compound was prepared using a 
procedure similar to that used for the preparation of cis-
Run (bpy) 2C12·2H2010. RuCl 3 ·xH20 (43.04% Ru, 3.8% H20) (112.8 mg, 
0.5234 mrnol), pptd (361.3 mg, 1.049 mrnol), and LiCl (149.0 
mg, 3.51 mrnol) were heated at reflux in anhydrous DMF (2.5 
rnL) for 8 h. During this time the color of the reaction 
mixture changed from orange to dark red to purple. The 
mixture was then cooled to room temperature, 25 rnL of 
acetone was added, and the resulting mixture was cooled to 
-5 °C overnight in a freezer. 
The cold mixture was filtered and a dark black-reddish 
solid and brown-orange filtrate were obtained. The solid was 
washed (dropwise) with a small amount of water (2 rnL), and 
then vacuum dried for 2.5 h. Yield of crude product: 0.4883 
g (104% based on RuCl 3 ·xH20). 
The crude product was purified using a procedure 
developed for cis-Ru (bpy) 2c12·2H20 14 . The solid was suspended 
in 50 rnL of a 1:1 water-ethanol solution and heated to 
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reflux for 1 h. The hot mixture was filtered (some solid 
obtained) and the dark purple filtrate was treated with 
1.130 g (0.0266 mol) of LiCl. The ethanol was distilled off 
and the resulting water solution was cooled in an ice bath 
for about 40 min. Dark crystals precipitated which were 
filtered, washed with several drops of ice-cold water, and 
then vaccum dried for 6 h. Yield: 177.0 mg (36.2% based on 
the crude product, 37.7% based on RuCl 3 ). Anal. Calcd for 
cis-Ru11 (pptd) 2C1 2 ·2H20: C, 48.22; H, 3.15; N, 18.74. Found: C, 
47.40; H, 3.69; N, 17.93. IR (KBr): Vc=o = 1676, 1723 cm-1 • (No 
NMR data was obtained for this complex, since it was 
difficult to find an appropriate solvent. DMSO was the only 
solvent found in which the complex showed suitable 
solubility. However, an apparent (rapid) oxidation process 
occured in the presence of DMSO, resulting in a red solution 
(Ru111 ?) which showed broad peaks far upfield 
from their expected positions (paramagnetic shift?) . 
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Chapter 3 
Results and Discussion 
UV-Vis spectra: 
The UV-Vis spectra of [ (bpy) 20su (pptd)] (PF6 ) 2 ·2H20 is 
shown in Fig. 3-1. The Amax(E) values for this and related 
compounds are summarized in Table 3-1. 
The spectrum of [ (bpy) 20s11 (pptd)] (PF6 ) 2 ·2H20 in CH3CN 
consists of six main peaks. The peaks at 288 run and 243 run 
are assigned to intraligand n -->n* transitions, arising from 
the bipyridines and the 1,10-phenanthroline portion of 
pptd. 16 These peaks are shifted slightly compared to l, 10-
phenanthroline (A = 263 run, 230 run) and bipyridine (A = 
max max 
284 run, 243 run) 21 • This is typical when polypyridyl ligands 
chelate to positively charged transition metal centers. 9 ' 18 ' 22 
The peaks at 376 run and 389 run for 
[ (bpy) 20su (pptd)] (PF6 ) 2 ·H20 in CH3CN are assigned as arising 
from the pteridinedione portion of pptd. These assigrunents 
are made based on comparisons with the spectrum of free pptd 
in CH3CN (Table 3-1). These two peaks are blue shifted 
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slightly in the Os(II) complex, and the extent of the shift 
is similar to that observed for the analogous Ru(II) complex 
(Table 3-1) . 
Coordination of pptd to Os(II) through the 1,10-
phenanthroline linkage is confirmed by the presence of the 
characteristic MLCT absorption band for Os(II) tris-chelated 
polypyridyl complexes. 20 Based on literature data9 (and also 
the data for [ (bpy) 20srr (phen)] 2+ listed in Table 3-1), the 
peaks at 435 nm and 480 nm are assigned to the low energy 
charge-transfer bands from the HOMO ( d7t) t 29 orbital of Os (II) 
to the LUMO n· orbitals of the bipyridines and/or the 1,10-
h h 1 . . f d 9 23 24 p enant ro ine portion o ppt . · · 
A comparison of the MLCT bands of the Os(II) complex 
(480 nm, 435 nm) to those of analogous Ru(II) complex(449 
nm, 429 nm) reveals that the transition for the Os(II) 
complex are red-shifted by up to 31 nm. This is consistent 
with the expectation of the greater stability of the high 
oxidation states of the heavy transition metals. 25 In other 
words, Os(II) is easier to oxidize than Ru(II), resulting in 
a lower energy MLCT transition (see equation 1-1) . 
There are significant broad and low energy absorptions 
from 550 nm to 700 nm in the Os (II) spectra (see Fig. 3-1). 
20 
These absorptions are not observed in the analogus Ru (II) 
complex. (see Fig. 3-2). These transitions are presumably 
the result of the high degree of spin-orbit coupling in the 
osmium complex. Spin-orbit coupling causes transitions 
(ground state~> 3MLCT)that are formally spin-forbidden to 
exhibit enhanced intensity. A similar result was reported by 
Brewer et al2' for the [Os (tpypz) (tpy)] 2+ system (see below: 
tpypz = 2,3,5,6 -tetrakis(2-pyridyl)-pyrazine; tpy = 2,2',2" 
- terpyridine) . 
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complexes 
pptd 
phen 
bpy 
[Osn (bpy)) 2+ 
Table 3-1 
UV-Vis data for[ (bpy):IOSII(pptd)] (PF,)2"2H20 and 
Related Compounds 
solvent Amax (nm) 
CHC1 3a 402 (1.34 x 104 ) 
383 (1.25 x 104 ) 
273 (sh) 
265 (3. 92 x 104 ) 
CH3CN8° 398, 380, 264, 
239, 217 
CH3CN8° 275(sh), 263, 230, 
226, 197 
CH3CN' 284, 243, 235 
MeOHc 640, 579, 478, 
447, 436, 385, 
368 t 290, 254, 244 
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Table 3-1 (contd) 
[Osn (bpy) 2 (phen)] 2+ MeOHc 632, 575, 476, 
431, 391, 355, 
290, 267, 256 
Os (bpy) 2Cl2 MeOHc 383, 464, 558, 841 
( (bpy) 20S11 (pptd)) (PF6 ) 2 "2H20 CH3CN 480 (1.49 x 104 ) 
435 (1.33 x 104 ) 
389 (1.93 x 104 ) 
376 (1.93 x 104 ) 
288 (7.44 x 104 ) 
243 (4.45 x 104 ) 
( (bpy) 2Run (pptd)] (PF 6 ) 2 ·H20 CH3CN" 449 (1.75 x 104 ) 
429 (sh) 
389 (1.86 x 104 ) 
374 (1.84 x 104 ) 
284 (8.40 x 104 ) 
243 (4.97 x 104 ) 
209 (4.92 x 104 ) 
a reference 1 b reference 21 c reference 22a 
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Inf rared Spectra 
The infrared spectrum (in KBr) for 
[ (bpy) 20sII (pptd)] (PF6 ) 2 ·2H20 is shown in Figures 3-3a and b. 
(For comparison purposes, the spectra of pptd and 
[ (bpy) 2Ru11 (pptd)] (PF6 ) 2 ·H20 are also shown in Figures 3-4 and 
3-5). A summary of the carbonyl stretching frequencies for 
all of these compounds is found in Table 3-2. 
The two carbonyl stretches for pptd, 1676 cm-1 and 1720 
cm-1 , have been assigned as arising from the 0-11 and 0-13 
positions, respectively. 1 (see Figure 3-6 and related 
structures). The carbonyl stretching frequencies for pptd 
both increase upon coordination to the (bpy) 2M11 -fragment in 
the complexes [ (bpy) 2RuII (pptd)] (PF6 ) 2 ·H20 and 
[ (bpy) 20s11 (pptd)] ( PF6 ) 2 ·2H20. The two carbonyl bands for pptd 
increase by 6 cm-1 in Ru (II) complex and -8 cm-1 in the Os 
(II) complex. This is consistent with coordination of pptd 
to the metal ion through the 1,10-phenanthroline linkage, 
remote from the carbonyl sites. An increase in the 
stretching frequencies of C=O bonds remote from the site of 
metal coordination was also reported by Abruna et al 26 for 
phendione in [ (bpy) 2RuII (phendione)] 2+. When the IR spectra 
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Table 3-2 Carbonyl Stretching Frequencies 
compound v (cm-1 ) 
c=o 
pptd 1676 1720 
[ {bpy) 2Ru {pptd)] (PF6 ) 2 ·H20 1682 1726 
[ {bpy) 20s {pptd)] (PF6 ) 2 "2H20 1684 1729 
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of the Ru(II} and Os(II} complexes are compared, it can be 
seen that the carbonyl stretches for the Os(II} complexes 
are slightly higher (about 2 cm-1 ) energies. Although this 
shift is in the direction expected for Os(II} ( stronger 
back bonding} the shift is not larger than the resolution of 
the spectra ( 4 cm-1 ) • In general, the carbonyl stretches are 
relatively insensitive to changes in the metal center26 , a 
reflection of the fact that the effect of the metal center 
and its coordination environment on the carbonyl stretch is 
a secondary effect. 
NMR Spectra 
The NMR spectra for [ (bpy} 20s (pptd}] (PF6 } 2 ·2H20 are 
shown in Figures 3-7a,b. The data is summarized in Table 3-
3. (For the purpose of comparison, the chemical shift data 
for bpy (Fig 3-8), pptd (Fig.3-9) and 
[ (bpy} 2Rurr (pptd}] (PF6 } 2 ·Hp (Fig. 3-10} are also included} . 
For [ (bpy} 20su (pptd}] (PF6 } 2 ·2H20, the peaks at 3. 53 ppm 
and 3.88 ppm arise from the two methyl groups on pptd. Each 
peak is a singlet, and this (and the chemical shift values} 
indicate three equivalent methyl H-atoms from pptd. On the 
assumption that each methyl peak integrates to 3H, the 
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Table 3-3 
1R-NMR (CD3CN, 300 MHz), ppm(TMS) 
complexes 
bpy (in CDC1 3 ) a 
pptd (in CDC1 3 ) b 
chemical shift (ppm vs TMS) 
7.25, 7.77, 8.42, 8.67 
3.66(s,3H), 3.98(s,3H), 
7.84(m,2H), 9.30(m,1H), 
9.37(m,1H), 9.43(m,1H), 
9. 62 (m, lH) 
3.53{s,3H), 3.88{s,3H), 
7.14(m,2H), 7.38(m,2H), 
7. 56 (m, 2H) , 7. 80 (m, 6H) , 
7. 90 (m, 2H) , 8. 15 (m, 2H) , 
8.51(m,4H), 9.25(m,2H) 
3.53(s,3H), 3.9l(s,3H), 
7.24(m,2H), 7.46(m,2H), 
7.67(m,2H), 7.86(m,4H), 
8. 01 (m, 2H) , 8 .14 (m, 3H) , 
8.24(m,1H), 8.53(m,4H), 
9.47(m,1H), 9.57(m,1H) 
a The Sadtler Handbook of Proton NMR Spectra b reference 1. 
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number of H-atoms represented by the other peaks in the 
spectrum can be determined. These other peaks, all in the 
region expected for H-atoms attached to aromatic rings, 
integrate to 22 hydrogens. This is the total number expected 
from two bpy ligands (2 x 8) and the phenanthroline portion 
of pptd (6). 
Direct assignment of other peaks is complicated by the 
overlapping signals for the different ligands. It is 
interesting to note that on average, the NMR signals for the 
Os(II) complex are shifted upfield relative to those from 
the Ru(II) complex. This is consistent with the expectation 
that Os(II) is more effective at back bonding (pushing extra 
electron density out to the bpy ligands and the 1,10-
phenanthroline portion of pptd) . The chemical shift values 
for the methyl peaks of the Ru(II) and Os(II) complexes are 
almost identical. This is not unexpected since the methyl 
groups are distant from the metal centers and are not a part 
of the ring conjugation. 
Electrochemistry 
Electrochemical data for [ (bpy) 20s11 (pptd) ] ( PF6 ) 2 ·2H20 and 
related complexes (as obtained by cyclic voltammetry) is 
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summarized in Table 3-4. The cyclic voltamrnogram of 
[ (bpy) 20s11 (pptd)] (PF6 ) 2 ·2H20 is shown in Figure 3-11. 
Figure 3-11 shows that a single, reversible (dE = 60 p 
mV) wave is observed at E112 = 0. 89 V (vs. SSCE) . This wave is 
assigned as a one-electron oxidation of the Os (II) center 
in the complex. The cyclic voltamrnogram for the Os(II) 
complex also shows two ligand-based reductions which have 
been assigned as arising from the pteridine-dione portion of 
pptd (E112 = -0.83 V) and one of the bipyridines (Ee= -1.36 
V). These assignments are consistent with that previously 
reported for [ (bpy) 2Run (dppz)] 2+ (see structure in Fig. 3-6.) 
in dry DMF1 and [ (bpy) 2Ru11 (pptd) ] 2+ in acetoni trile1 • The pptd 
reduction wave contains what is presumably an adsorption 
pre-wave, which also occurred in the analogous Ru(II) 
complex. There also appears to be a third reduction centered 
at E112 = -1. 53 V. This likely corresponds to a one-electron 
reduction of the second bipyridine. 
The number of electrons involved in an electrochemical 
process is proportional to the area under the 
oxidation/reduction curves in the cyclic voltamrnogram (CV) . 
In Figure 3-11, it appears that the reduction of pptd (E -1/2 -
-0. 83 V) , and the oxidation of the Os (II) center (E112 = 0. 89 
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Table 3-4 Electrochemical data 
Complex solvene Ei12 (V) (LiE (mV) ) p 
[ (bpy) 20SII (pptd) ] 2 + CH3CNa 0.89 (60) 
-0.83 ( 7 5) t -1. 3 6c 
-1.53 
[ (bpy) 20su (phendione) ] 2+ CH3Cif 1.01 
-0.66(phendione), 
-1.32, -1.54 (bpy) 
[ (bpy) 2RUrr (pptd) ) 2+ CH3CW 1.34 ( 7 5) 
-0.83 (100) t -1. 40c 
aPt button working electrode, Pt wire auxiliary electrode, SSCE reference 
electrode. All solutions purged with nitrogen prior to use. E112 = (Ec+Ea) /2; 
oxidation, respectively. 
b 1 . E ectrolyte:0.1 M tetrabutylarrunonium hexafluorophosphate (TBAH). 
cirreversible reduction. 
d 
reference 25. 
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V) both have CV peak areas that are approximately equal. 
Since the oxidation process can be assigned as a one-
electron process (based on literature precedent for 
M {bpy) 2 (LL) 2+ complexes) , the pptd reduction is also assigned 
as a one-electron reduction. This is consistent with 
observations made earlier1 for [ (bpy) 2Run (pptd) ] 2+, where 
multielectron reduction of pptd apears to occur only in 
aqueous solution. 
In H20: 
[ (bpy) 2RuII (pptd)] 2+ + 2e + 2H+ --> [ (bpy) 2RuII (pptdH2)] 2+ 
In CH3CN: 
[ (bpy) 2Run (pptd) ] 2+ + e --> [ (bpy) 2RUII (pptff)] + 
As in the case of the Run complex, the lack of readily 
available H+ ions (acetonitrile) probably forces the pptd 
ligand in the Os(II) complex to accept one-electron 
reduction rather than the two-electron, 2H+ process. 
A comparison between M(III/II) potentials for 
structually analogous Os and Ru polypyridyl complexes 
suggest that, in general, Os is easier to oxidize than Ru by 
about 0.5 V27 . A similar ease of oxidation of Os compared to 
Ru has also been found for pentaammine and tetraammine 
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complexes28 . This general trend is consistent with the 
inherent stability of third-row vs second-row transition 
metals in higher oxidation states. The complexes 
[ (bpy) 20SII (pptd)] (PF6) 2"2H20 and [ (bpy) 2Ru11 (pptd)] (PF6) 2"H20 
follow the same trend, with the Os(II) complex being easier 
to oxidize by about 0.5 V. 
Potentials for the reduction of pptd in 
[ (bpy) 20SII (pptd)] (PF6) 2"2H20 and [ (bpy) 2Ru11 (pptd)] (PF6) 2"H20 are 
identical. This is not surprising, since it is most likely 
that the site of pptd reduction is the pteridinedione 
portion of the ligand. This portion, as seen from the IR and 
NMR data, does not appear to be heavily affected by the 
presence of Os(II) or Ru(II). 
From UV-Vis, NMR and electrochemistry analysis, the 
electronic communication between the metal center and the 
pteridinedione portion of pptd does not appear to be 
enhanced in the Os(II) complex relative to its Ru(II) 
analog. The increased ability of Os(II) to undergo 
backbonding appears to affect only the 1,10-phenanthroline 
portion of pptd. 
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cis-Ru11 {pptd} 2Cl2 "2B20 
UV-Vis Spectra 
A UV-Vis spectrum for RuII {pptd) 2c12 ·2H20 is shown in 
Figure 3-12. Five major bands were observed. The UV-Vis data 
for this and some analogus complexes are summarized in Table 
3-5. 
The maximum at 533 nm {shoulder at 465 nm) is assigned 
as a dn{Ru)-->n* {pptd) MLCT band, based on comparison with 
the spectrum of cis-Run {bpy) 2c12 ·2H20 10 • 21 ' 29 ' 30 • This MLCT band is 
blue shifted relative to that of cis-Run {bpy) 2C1 2 ·2H20 {551 
nm) Fig. 3-13. This is consistent with the fact that E112 {oxid) 
of Ru {pptd) 2c1 2 ·2H20 is 0 .14 vol ts higher than Ru {bpy) 2c12·2H20. 
However, the shift in Amax is not as large as expected 
according to the oxidation potential difference. An 
increased n-accepting capability of phenanthroline fused to a 
pteridinedione would make the Ru2+ harder to oxidize. 
However, a lowering of the LUMO energy in the phen portion 
of pptd would tend to red-shift AMI.CT for Ru {bpy) 2 ·c12 ·2H20. Thus 
the shift in ~ between RuII {bpy) 2c12 ·2H20 and 
RuII {pptd) 2c12 ·2H20 is probably the result of a compromise 
between these two factors. 
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The spectrum of cis-Rurr (bpy) 2c1 2 ·2H20 shows a ligand-to-
metal charge transfer (LMCT) band at 377 nm29 (Cl--->e *). g 
This band presumably exists for cis-Ru (pptd) 2C1 2 ·2H20, but it 
is overshadowed by two bands (392, 376 nm) arising from the 
the pteridinedione portion of pptd. 
The peaks at 299 nm (sh), 277 nm, 243 nm in the 
spectrum of Ru (pptd) 2c12 ·2H20 are assigned as intraligand 7t 
-->n* transitions. These are similar to those reported for 
cis-Rurr (bpy) 2c12 ·2H20 29 , (297 nm) and [Rurr (pptd) 2 (bpy)] (PF6 ) 2 ·2H20 
(312 (sh), 279 nm and 242 nm) 1 • 
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Table 3-5 
UV-Vis data for Ru:i::i: (pptd) 2c12 ·2a20 and related complexes 
Compound Solvent A.max {run} 
{£ { M-i.cm-1 }} 
Ru {pptd} 2Cl2 . 2H20 CH3CN 533 (1.31 x 104 } 
465 {sh} 
392 {3. 29 x 104 } 
376 {3 .14 x 104 } 
299 {sh} 
277 {9.35 x 104 } 
243 {6.40 x 104 } 
Ru {bpy} 2c12 ·2Hp CH3CN8 551, 377, 297, 
241 
[Ru {pptd} 2 {bpy} ] 2• CH3CN' 452 {2. 28 x 104 } 
433 {sh} 
389 {3. 63 x 104 } 
374 {3. 49 x 104 } 
312 {sh} 
279 {10.7 x 104 } 
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Table 3-5 (contd) 
a Reference 28 b Reference 1 
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242 (7. 69 x 104 ) 
207 (6. 97 x 10 4 ) 
:Electrochemistry 
The cyclic voltanunogram (CV) of Run (pptd) 2Cl 2 "2H20 in 
CH3CN/ 0.1 M TBAH is shown in Figure 3-14. It appears that 
the complex undergoes two oxidation proccesses: E112 = 0. 448 V 
and E112 = 0. 955 V. A comparison of these results with that of 
Ru11 (bpy) 2c12 ·2H20 in the same solvent (Table 3-6), shows that 
Run (pptd) 2c12 ·2H20 is harder to oxidize (first oxidation) than 
Run (bpy) 2C1 2 ·2H20 by about 0 .14 volts. This suggests that the 
presence of the two pptd ligands causes the Ru(II) to be 
harder to oxidize (more electron deficient) than when bpy 
ligands are attached. This is also consistent with the 
earlier observation that the AMLCT for cis-Ru11 (pptd) 2c1 2 ·2H20 
is blue shifted relative to that of cis-Run (bpy) 2c1 2 ·2H20. It 
should also be noted that when the two bpy ligands in 
[ (bpy) 2Run (pptd) ] 2+ are replaced by pptd (to form the 
[Ru(pptd) 3 ] 2+), the E112 (Rumm) shifts from 1.34 volts to 1.42 
volts1 • This is at least qualitatively consistent with the 
shift in E112 value observed here. The second oxidation wave 
observed for cis-Run (pptd) 2c1 2 ·2H20 (E112 = 0. 995 v) may either 
be a second metal-centered oxidation or could be oxidation 
of Cl- ligand. 
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Table 3-6 Electrochemical data 
for cis-Ru:i::i: {pptd) 2Cl2 "2H20 and cis-Ru:n: (bpy) 2Cl2 "2H20 
complexes Voltammetric parameters Oxidation Process 
Ru (bpy) 2Cl 2 • 2H20a E/V 0.308 
ipa/ipc 1.07 
LiEP/mV 55 
Ru (pptd) 2Cl 2 _ 2H20 E/V 0.448, 0.955 
ipa/ pc 1.09, 1.7 
LiE/mV 55, 175 
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Inf rared Spectra 
The infrared spectrum (in KBr) for Ru (pptd) 2Cl2 _2H20 is 
shown in Figure 3-15. The carbonyl stretching frequences of 
Ru (pptd) 2c12 ·2H20 are 1676 cm-1 and 1723 cm-1 • For comparison 
purposes, a summary of the carbonyl stretching frequencies 
for pptd, [ (bpy) Ru (pptd) J 2 (PF6 ) ·2H20 and Ru (pptd) 2Cl2 "2H20 is 
found in Table 3-7. 
The two carbonyl stretches for Ru (pptd) 2c1 2 ·2H20, 
1676 cm-1 and 1723 cm-1 , can be assigned as arising from the 
0-11 and 0-13 positions in pptd. These assignment are made 
based on previous measurements. 1 When compared to free pptd, 
it is clear that the pteridinedione portion of cordinated 
pptd is not affected greatly by the presence of Ru(II). It 
is interesting to note that the complex 
[Ru (pptd) 2 (bpy)] (PF6 ) 2 ·2H20 seems to show a more significant 
shift in pptd carbonyl frequencies. The difference between 
respect to bound pptd carbonyl stretching frequencies) is 
• • • h k d • ( III/II ) 0 4 4 8 not surprising given, t e nown ata in E112 Ru : . V 
for the dichloro complex and 1.39 V1 for the bpy complex. The 
Ru(II) center in the dichloro complex is not as electron 
deficient as the Ru(II) in the bpy complex. Therefore, the 
effect of the positive charge of the metal center on the 
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carbonyl stretching frequencies is minimized in the dichloro 
complex. Quantitative comparison between two complexes is 
difficult given in the resolution (4 cm-1 ) of the 
measurement. 
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Table 3-7 
IR Data for Ru(pptd) 2C12 ·2B20 and related compounds 
Compound 
pptda 
Ru (pptd) 2Cl 2 . 2H20 
[Ru (pptd) 2 (bpy)] (PF6 ) 2 ·2H20a 
a reference 1. 
vc=o ( cm-1) 
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1676, 1720 
1676, 1723 
1680, 1725 
Appendix 
Synthesis of a fused phenanthroline-anthraquinone ligand (phanq) 
Experimental 
Materials: 1,2-diaminoanthraquinone and 1,10-phenanthroline 
(phen} were purchased from Aldrich Chemical Co. and used as 
received. Acetone, acetic acid and chlorform were purchased 
either from Fisher Scientific Company or Eastman Chemical 
and used as received. Phendione was synthesized as described 
earlier in the Experimental Section. 
Phanq: 1,2-Diaminoanthraquinone (53.6 mg, 0.225 mmol} 
was dissolved in 12 mL of acetic acid. Phendione (47.0 mg, 
0.224 mmol} was added to the solution. The mixture was 
heated at reflux with stirring. Phen-dione dissolved and 
after a few minutes an apparently new brown solid appeared. 
After the mixture was refluxed for 20 min, it was cooled to 
room temperature and filtered, and the brown-greenish solid 
obtained was washed with 2 mL of acetic acid and 2 mL of 
water. Yield of the crude product: 88 mg, (95% based on 1,2-
diaminoanthraquinone}. m.p. > 380 °C. 
The crude product was triturated with 25 mL of acetone. 
The mixture was then sonicated for - 20 min, and filtered, 
resulting in a yellow filtrate and a green-gray solid. After 
vaccum drying the solid for 3 h, it was extracted with 80 mL 
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of refluxing CHC1 3 for 2 h. A green solid was filtered out 
of the hot chloroform suspension, (assumed byproduct) . The 
filtrate was evaporated and the "pure" phanq was vacuum-
dried for 3 h. 1H-NMR (CDC1 3 , 300 MHz), ppm (TMS): 7. 82 
(m,4H), 8.28 (m,2H), 8.7 (m, 2H), 9.3 (s, 2H), 9.84 (m, lH), 
10.08 (m, lH). Yield: 24.5 mg (27 % yield based on the 
starting material), m.pt. > 380 °C. 
IR Spectra 
Carbonyl stretches typically range from 1640 cm-1 to 
1820 cm-132 • 1, 2-diaminoanthraquinone seems to have two 
carbonyl stretching frequencies at 1614 cm-1 and 1626 cm-1 , 
which are lower than the typical values. The frequencies 
decrease might be due to the conjuction of the carbonyl 
groups to a benzene ring. Conjugation with a C=C bond 
results in delocalization of the n electrons of both 
unsaturated groups. Delocalizationof the n electrons of the 
C=O group reduces the double character of the CO bond, 
. b . 1 f . 33 causing a sorption at ower rquencies. 
There appears to be only one peak (1668 cm-1 ) in the 
C=O region for Phanq (Figure Appendix-2). Usually, quinones, 
which have both carbonyl groups in the same ring, absorb in 
the 1690 -1655 cm-1 region33 • The presence of one C=O peak in 
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the phanq is thus consistent with the 1,4-quinone 
assignment. A similar result was found in IR spectra of 
9,10-anthraquinone (1677 cm-1 ) from Aldrich. 
NMR Spectra 
The NMR spectra for phanq is shown in Figure Appendix 
3. Relative to the NMR of 1,2-diaminoanthraquinone (Figure 
Appendix - 4) from Aldrich, the 4H multiplet around 8.0 ppm 
(F} in phanq is due to the 4H on benzene ring to right of 
the C=O groups (see Fig. 3-6 structure). This is confirmed 
by comparison with the Aldrich Spectra of 2-chloro-3-
methylquinoxaline (Figure Appendix - 5). On the assumption 
that phenyl multiplet peaks integrate to 4H, the number of 
H-atoms represented by the other peaks in the spectrum can 
be determined. All the peaks intergrate to 12 hydrogens. 
This is the total number expected from phen portion (6), 
benzene to right of C=O (4) and the middle benzene ring (2). 
From the spectroscopic data, it appears that a small 
amount of the target ligand "phanq" was prepared. Future 
work to increase the yield, and to prepare analytically pure 
sample would be fruitful. 
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SUMMARY 
Previous observations had suggested that the 
conununication between the metal center Os (II) and the 
pteridinedione portion of pptd would be better than that 
between Ru(II) and the pteridinedione portion of pptd. Os(II) 
is a more potent back-bonder than Ru(II). From UV-Vis, NMR and 
electrochemistry analysis, the electronic conununication 
between the metal center and the pteridindione portion of pptd 
does not appear to be enhanced in the Os(II) complex relative 
to its Ru(II) analog. The increased ability of Os(II) to 
undergo backbonding appears to affect only the l, 10-
phenanthroline portion of pptd. In future work, we may 
synthesize and characterize the Fe(II) derivative and then 
compare the amount of electronic conununication between the 
metal center and the carbonyls on pptd to that in the Os(II) 
and Ru(II) complexes. 
It would be interesting to make a bimetallic Ru (II) 
complex [ {pptd) 2Ruu (bpym) Rurr (pptd) 2 ] (PF6 ) 4 , where bpym is the 
bridging ligand 2, 2 '-bipyrimidine, using cis-Ruu (pptd) 2c12 ·2Hp 
as starting material. This bimetallic could be reduced by 8 H-
atoms. 
Further study and characterization of phanq, and then 
synthesis and characterization of a metal complex of phanq, 
such as [ {bpy) 2Rurr(phanq) ] 2+ would also be interesting work. 
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